Objective: To estimate the burden of disease attributable to low fruit and vegetable intake in the 15 countries that were members of the European Union (EU) before May 2004 (EU-15) and the 10 countries that then joined it (EU-10). Design: Data on fruit and vegetable intake, target levels of intake and estimates of relative risks, deaths and disability were combined to obtain the burden of ischaemic heart disease, ischaemic stroke and four types of cancer (lung/bronchus/trachea, stomach, oesophagus, and colon/rectum) attributable to low fruit and vegetable consumption. Setting: EU-15 and EU-10 Member States. Results: The number of lives potentially saved annually from the selected outcomes if fruit and vegetable intake increased to 600 g person 21 day 21 reached 892 000 and 423 000 in the EU-15 and EU-10, respectively; total disease burden could decrease by 1.9% and 3.6%, respectively. The burden of ischaemic heart disease and stroke could be reduced by up to 17% and 10%, respectively, in the EU-15 and by 24% and 15%, respectively, in the EU-10; potential reductions for the selected cancers varied from 1% to 12% in the EU-15 and from 2% to 17% in the EU-10. Conclusions: The potential health gain of increased fruit and vegetable intake is particularly large in the new Member States, and particularly high for cardiovascular diseases, a main cause of health divide in Europe. This stresses the need for better nutrition programmes and policies that take account of economic, social and cultural specificities.
in the EU are from cardiovascular diseases and a quarter from cancer. Looking beyond mortality, the burden of disease attributed to cardiovascular disease and cancer is also extremely high 3 . Cardiovascular disease and cancer are respectively the second and third main causes of disability-adjusted life years (DALYs) lost each year (18% and 15%, respectively), just below neuropsychiatric disorders (25%).
There is now accumulating evidence that fruit and vegetable consumption can play a role in the prevention of these major diseases, thus reducing premature deaths and disability 1,4 -10 . Early studies estimated that low fruit and vegetable consumption could be responsible for 2.4%, 2.8% and 3.5% of the overall burden of disease in New Zealand, Australia and the EU (before May 2004), respectively 11 -13 . Another study reported that up to 23 000 premature deaths (before the age of 65 years) from cardiovascular diseases and major cancers could have been prevented in the EU in the mid-1990s if mean fruit and vegetable consumption had reached the minimum recommended intake level 14 . More recent findings from the World Health Organization (WHO) Global Burden of Disease (GBD) study suggested that increasing individual fruit and vegetable consumption to 600 g day 21 (equivalent to 7.5 standard portions) could reduce the total burden of disease in Europe by up to 4.4% ischaemic heart disease, 12 and 23% for stroke, 13 and 24% for stomach and oesophageal cancers, 8 and 16% for lung cancer, and 1 and 3% for colorectal cancer 16 . On 1 May 2004, the EU underwent an unprecedented enlargement, from 15 to 25 countries, increasing its population by 20% to more than 450 million. This enlargement is important not only because of its scale but also because of the gap in health status and lifestyles between the former and new Member States, including major differences in cardiovascular and cancer death rates and in fruit and vegetable intake 17 -19 . In these circumstances, it is relevant to estimate the burden of cardiovascular disease and cancer attributable to low consumption of fruit and vegetables in the 15 countries that were EU Member States prior to May 2004 (EU-15) and in the 10 countries that became Member States in May 2004 (EU-10).
Methods
The burden of cardiovascular disease and cancer attributed to low fruit and vegetable intake in the EU was estimated using methods developed for the GBD 2000 project 20 ; a summary of these methods is provided below. Estimates were derived separately for the EU-15 and EU-10.
Sources of data
Four sources of information were combined to obtain burden of disease estimates.
Estimates of fruit and vegetable consumption
We used an aggregate measure of fruit and vegetable intake, defined as total fruit and vegetable consumption excluding potatoes, to be consistent with current international recommendations 1, 6 . 20, 21 . Systematic extrapolations were made when the original data did not conform to the age/sex categories used. When no survey data were available in a country, estimates of fruit and vegetable intakes were derived from per capita food supply statistics from the Food and Agriculture Organization of the United Nations (FAO) combined with survey information from other EU countries. The FAO collects food balance data each year from virtually all countries in the world using a standardised approach 22 . FAO data 23 on fruit (excluding wine) and vegetable (excluding potatoes) availability, and population size estimates 24 for the year 2000, were used in the calculations. However, because food supply figures tend to overestimate intakes in developed countries, the results were adjusted by a correction factor of 33%, derived from published literature 14 . As food balance sheet data do not provide information on intakes consumed within different age/sex categories, an attempt was made to estimate how the total availability of fruit and vegetables in countries with no survey data would be distributed among the different sex and age groups. To reach this objective, a two-step process was used. In the first step, where survey data were available, they were used to obtain an average distribution of total fruit and vegetable intake among different age/sex groups in the EU. In step 2, this average distribution of intakes was used to distribute the total consumption, derived from FAO availability data, within those countries with no survey data. This approach has been described in detail elsewhere 21 . Standard deviations for the mean intakes were obtained by statistically pooling available survey data; the same estimates were used for the EU-15 and EU-10.
Target level of fruit and vegetable consumption
Fruit and vegetable intake is unusual in that there is an inverse disease -risk relationship, i.e. it is the potential protective effect of fruits and vegetables that is considered. Hence, the theoretical minimum risk involves selecting a plausible maximum consumption level at which the protective effect is maximised. Two population targets were selected for the analyses. The first target, 400 g person 21 day 21 , corresponds to current recommendations for fruit and vegetable intake and equates to individuals consuming approximately five portions per day 1, 6 ; it is considered as a minimum goal. The second target was chosen on the basis of the range of intakes and the highest levels of current fruit and vegetable intake in the EU 20 . This was set at 600 g person 21 day 21 in adults.
Given the uncertainty of the evidence, the same thresholds were assumed to apply equally to all selected health outcomes and to all adult populations of both genders.
Relative risks Systematic reviews of the literature were conducted for ischaemic heart disease, stroke and cancers of the lung/bronchus/trachea, stomach, oesophagus and colon/rectum using standardised methods 20 . Strict criteria were applied to select only the best-quality and most representative studies that would allow fruit and vegetable intake to be treated as a continuous variable (to correspond to exposure estimates). When two or more studies were available, the results were pooled using meta-analysis following standardised procedures 20 . For oesophageal cancer, the results of a recent meta-analysis were used 11 . Because there is currently little evidence for significant variations in relative risks by age and gender, the estimates were applied to both genders and to all age groups between the ages of 15 and 70 years. Approximate age attenuations were then applied as follows: relative risks were reduced by 25% for individuals aged 70-79 years and by 50% for those 80 years and over. Under the age of 15 years a relative risk of 1 was applied. The relative risks thus estimated have been published elsewhere 16 .
Estimates of deaths and disability
Estimates of deaths and disability for the selected outcomes in the EU-15 and EU-10 were provided by Colin Mathers and Steve Van der Hoorn (see Acknowledgements section).
Statistical analyses
The statistical analyses involved estimating populationattributable fractions for each outcome. In this project, the attributable fraction was defined as the percentage reduction in disability and death that would occur if fruit and vegetable consumption increased from current levels to the target level associated with the theoretical lowest population risk 25, 26 . DALYs were used as a measure of the burden of disease.
Results

Fruit and vegetable intake and relative risk estimates
Estimates of mean fruit and vegetable intakes and standard deviations stratified by gender and age are given in Table 1 . Intakes were generally lower in the EU-10 compared with EU-15 in both males and females.
Mortality and disease burden attributable to low fruit and vegetable intake
The results of the analyses indicate that increasing fruit and vegetable intake in the EU to 400 or 600 g person 21 day
21
(the two target intake levels) could reduce the total burden of disease by 0.7% and 1.7%, respectively, in the EU-15 and by 1.9% and 3.6%, respectively, in the EU-10. Figures 1 to 3 show the contribution of low fruit and vegetable intake to the burden of ischaemic heart disease, stroke and the selected cancers in the EU-15 and EU-10, stratifying by gender and using both target levels of intake. If the populations of the EU Member States were able to increase their fruit and vegetable intake to the minimum recommended level of 400 g person 21 day 21 , this could reduce disability and death from ischaemic heart disease by up to 6% in the EU-15 and by up to 11% in the EU-10 ( Fig. 1) . However, 400 g person 21 day 21 is the lowest dietary goal. Thus, if people across the EU were to consume the same amounts of fruit and vegetables as in the highest consuming countries such as Greece, Spain or Italy, the burden of ischaemic heart disease could be reduced by up to 17% in the EU-15 and by almost a quarter (24%) in the EU-10. The potential health gain would be greatest for ischaemic heart disease, stroke and cancers of the stomach and oesophagus. It would also be greater in males than in females in both the EU-15 and EU-10. The total number of deaths from the selected six health outcomes that could potentially be prevented annually in the EU-15 and EU-10 is given in Table 2 . In the EU-15, the number of deaths that could be saved ranges from about 44 000 to 121 000, (for increases to 400 and 600 g person 21 day
, respectively). Although the total number of deaths potentially saved annually is lower in the EU-10 (between 20 000 and 46 000), this represented a higher death rate because of the lower population size; this is true for the overall results and for all health outcomes. The impact on mortality is greatest for ischaemic heart disease, followed by ischaemic stroke and lung cancer. In both the EU-15 and EU-10 it is greater among men than women for each disease.
The burden of disease for men and women attributable to low fruit and vegetable intake is presented in Table 3 . The results suggest that between 341 000 and 892 000 DALYs in the EU-15 and between 197 000 and 423 000 DALYs in the EU-10 could potentially be saved each year if fruit and vegetable intake was increased (to 400 or 600 g person 21 day
); of these, almost 60% in the EU-15 and almost two-thirds in the EU-10 come from coronary heart disease. Taking into account population size, the health gain is greater in the EU-10 than in the EU-15 for each health outcome (approximately 1.2-to 2.7-fold benefit), and it is greater in men than in women.
Finally, differences between the EU-15 and EU-10 Member States suggest that people from the new Member States experience ischaemic heart disease, stroke and the selected cancers linked to lack of fruit and vegetables at 29 , few countries meet the recommended target population intake. We must also recognise that fruit and vegetable intake in a population is unlikely to be normally distributed; it tends to be skewed to the right, so that a large proportion of the population of each country will consume very little 30, 31 . The potential for public health actions to improve fruit and vegetable intake is thus considerable.
Although low fruit and vegetable intake is only one of the many contributory factors to cardiovascular disease and cancer, its importance is not negligible. For example, findings from the GBD study have shown that 28% of the burden of ischaemic heart disease in developed regions of the world (including Europe, North America, Australasia and Japan) could be attributed to a lack of fruit and vegetables in the diet. This compares with 58% from high blood pressure, 63% from high cholesterol, 33% from overweight, 22% from physical inactivity, 22% from tobacco and 0.2% from alcohol intake -for a combined effect reaching 89 to 93% (the combined burden is typically less than the sum of individual risks) 32 . As, in addition, several major risk factors for important non-communicable diseases have significant dietary components (e.g. blood pressure, blood cholesterol, overweight), there is a need for a much greater emphasis on diet within European public health policy as a means of reducing the health divide within the Union. The Finnish experience has shown that significant major dietary change, including increased fruit and vegetable intake, is possible over a reasonable time span 33 . During recent decades, the importance of public health nutrition has increasingly been recognised in Europe 2, 34 . In the EU, there has been much support, both direct and indirect, for higher intakes 35 . This includes, among others, the European Commission-funded 'Eurodiet' project 36 , the Commission's White Paper on Food Safety in 2000 37 , the establishment of a European-wide food safety system in January 2002 38 , the adoption by the EU Council in December 2000 of a resolution on health and nutrition inviting actions to improve nutrition in the EU Clearly, the promotion of fruit and vegetable consumption in the EU requires an intersectoral approach targeting both the demand for and the supply of fruit and vegetables, and involving the many potential stakeholders in the public and private sectors, non-governmental organisations, civil society and international bodies 45 . It should also involve actions at both the EU and national level. Unfortunately, many governments continue to rely on health education as the main strategy to promote fruit and vegetable intake, appealing to individuals to take responsibility for their food choices. Yet, while nutritional education is an important pillar of improved dietary intake, it cannot be sufficient to tackle the growing burden of cardiovascular diseases and cancer in the EU. Moreover, the EU allocates only a small budget for health education and the promotion of fruit and vegetables. This is inadequate in comparison with the large global marketing budget for food promotion 31 . There should also be greater emphasis on promoting a food policy that targets the determinants of fruit and vegetable consumption, increasing the supply of, and access to, fruit and vegetables. This should be supported by clear and consistent food labelling to help consumers make informed choices, responsible marketing practices, nutrition programmes that take account of cultural specificities, and major action on the EU Common Agricultural Policy (CAP) 46 . Despite the potential health gains from increasing fruit and vegetable consumption, the effect of the CAP has actually led to higher prices of fruit and vegetables and reduced availability for consumers, with the most negative impact on low-income groups who already have the lowest fruit and vegetable intakes and highest risks of non-communicable diseases 29,46 -48 . More research is needed, at several levels. First, additional investigations are needed to provide clearer explanations of the observed beneficial effects of fruit and vegetables in cardiovascular diseases and cancer prevention, particularly outside western Europe (where most European studies have taken place 20 ); this should include the ascertainment of which food constituents provide benefits and the role of exposure to fruit and vegetable intake over the life course. Research should examine in more depth the effectiveness of interventions designed to increase consumption in different settings, including the economic evaluation of their effectiveness 44 . These initiatives should be informed by a standardised nutrition surveillance system that would allow for comparisons among countries and socio-economic subgroups over time 29, 49, 50 . The burden of disease estimates presented in this report are subject to the limitations imposed by the methods used, which have been designed to allow assessment of a wide range of diverse exposures 25, 32 . Such quantitative risk assessment is inevitably subject to considerable uncertainty surrounding the estimation of exposure levels (here levels of fruit and vegetable intake) and exposureoutcome relationships (relative risks levels), the selection of the target of choice, and the statistical methods used to obtain disease burden estimates 16, 20 . This uncertainty also includes the nature of the exposure -response relationship (e.g. whether there is a threshold effect for fruit and vegetables), the levels of bias in measurement, plus the extrapolation of exposure and relative risks from one population to another. None the less, the analyses presented here draw on the best evidence currently available and should be considered within the context of limited data as a first attempt to estimate the burden of disease attributable to low consumption of fruit and vegetables in the EU.
In conclusion, this study has shown that fruit and vegetables can play a potentially major role in reducing the burden of cardiovascular diseases and cancer in the EU. The impact could be particularly important in the 10 new Member States, where fruit and vegetable intake tends to be relatively low and mortality from cardiovascular disease particularly high compared with other Member States 2, 3, 19, 20, 51, 52 . EU public health policy is increasingly recognising the importance of a healthy diet and is now leading to action. However, substantial political will, financial investment and coordinated efforts that take account of the economic, social and cultural specificities of each Member State, including variations in food insecurity 53, 54 , are still needed to impact significantly on fruit and vegetable intake throughout the region. These efforts should yield a rich dividend in the long term and help reduce the health divide in the EU.
